I. INTRODUCTION
As the name implies, medical physics deals with physics as applied to medicine; it is sometimes called "applied clinical physics." The four main branches of medical physics are the physics of radiation therapy, the physics of medical imaging, the physics of nuclear medicine, and health physics.
The goal of this resource letter is to provide a guide to the literature for the first branch of medical physics-the physics of radiation therapy ͑also known as "radiation oncology physics," "therapeutic radiologic physics," or "radiotherapy physics"͒-whose main application is the treatment of cancer with ionizing radiation. The references given here are not intended to be exhaustive, but are intended to provide some guidance for nonspecialists or for those wanting to explore the field.
Cancer is the second-leading cause of death in the United States and a major cause worldwide. Approximately half of all cancer treatments in the United States use radiation therapy. The goal of radiation therapy is to kill tumor cells by causing irreparable damage to their DNA, while exposing normal cells to as little damage as possible. This is done with targeted beams of ionizing radiation-photons, electrons, neutrons, protons, or heavy ions ͑e.g., carbon ions͒. At present, most treatments use photons. Radiotherapy of all kinds is divided into two types: teletherapy ͑long-range therapy-radiation enters the tumor from outside the body͒ and brachytherapy ͑short-range therapy-radiation comes from radioactive sources placed inside the body͒. 
II. RELATED RESOURCE LETTERS IV. CONFERENCE PROCEEDINGS

V. REFERENCES A. Radiological physics and general references
Radiological physics is concerned with the physics of ionizing radiation, including atomic models, x-ray production, and interactions of neutrons, charged particles, and photons with matter. The energy lost by a fast charged particle owing to ionization is given by the Bethe-Bloch formula. The fundamental physics of the interaction of ionizing radiation with matter comes from early papers by Bethe, Bohr, Eyges, Fermi, and others.
24. Radiation Dosimetry, Vol. 3, "Sources, fields, measurements, and applications," edited by Frank H. Attix and Eugene Tochilin, 2nd ed. ͑Academic, New York, 1969͒. Covers a wide range of topics, with a good discussion of the relevant physics. 
B. Particle accelerators
The workhorse of radiation oncology is the medical linear electron accelerator, which produces a high-energy beam of electrons. The electrons can be used directly for electron therapy. Photons are produced through the bremsstrahlung effect by allowing the electrons to strike a material such as tungsten. As of June 2000, there were about 15 000 particle accelerators in the world; about 5000 of these were used for radiotherapy ͑David Robin, Ref. 
C. Radiation dose measurements
General references
Absorbed radiation dose is measured in gray ͑Gy͒, which is defined to be equal to 1 J of energy absorbed per kg of material: 1 Gy= 1 J / kg. The older, non-SI unit is the rad ͑1 cGy= 1 rad͒. The medical physicist is responsible for calibrating the radiation output of the various radiotherapy treatment devices.
Dose calibrations are performed using dose to water as the standard:
"For dosimetric work, the human body has been considered water equivalent for two main reasons: First, differences in atomic composition and density between water and soft tissues are small and the accuracy in absorbed dose determination is not high enough to justify the small correction these differences introduce; second, determination of the size and composition of the various internal organs is complicated, and to assume that the whole body is water equivalent is believed to be a safer basis for dosimetry. 
Calorimeters
Calorimeters directly measure the energy absorbed through the small temperature increase that occurs when a material is irradiated. Calorimeters are designed to properly take into account thermal drifts and thermal gradients. Several different kinds of materials are used: water, graphite, graphite-water ͑where the dose to a small piece of graphite is measured in a water tank͒, and polystyrene-water. 
Chemical dosimeters
Chemical dosimeters measure radiation dose by measuring a chemical change in a fluid, solid, or gas. The two basic types are aqueous dosimeters ͑using ferrous sulfate, ceric sulfate, ferrous sulfate-cupric sulfate, or oxalic acid͒ and nonaqueous dosimeters ͑nitrous oxide and various polymers͒. The most famous type is the Fricke dosimeter where the absorbed dose of radiation affects the rate of oxidation of an aerated ferrous sulfate solution. Fricke dosimeters can measure the radiation dose to within 1%-2%. Newer methods include the use of a gel that is optically read out. 
Computed radiography
Computed radiography ͑CR͒ is a digital alternative to film. X-rays excite electrons in the CR plate into metastable states. The material is read out through a laser beam, which causes the excited electrons to fall back to the ground state, emitting light. CR plates have a wide dynamic range compared to film along with many of the advantages of film except that no chemicals are needed for development. The plates are reusable. The image fades exponentially after exposure and should be read out within several hours from the time of exposure.
60. "Digital radiography using storage phosphors," Ralph Schaetzing, Bruce R. Whiting, Anthony R. Lubinsky, and James F. 
Film
Film is relatively low cost and provides planar information with high spatial resolution. Unfortunately, owing to the relatively high atomic number of the silver grains, film overresponds to low-energy photons owing to the photoelectric effect. To achieve the greatest accuracy one must only use films from the same batch and pay careful attention to film processing parameters.
Suppose that a piece of film is exposed to radiation of photon fluence F ͑where F is the number of photons incident per unit area perpendicular to the direction of incidence͒ and then developed. We can read the developed film by measuring how much light is transmitted through the film. The optical density is defined as D = log 10 ͑I 0 / I͒, where I 0 is the incident light intensity and I is the transmitted light intensity. If we define k = log 10 ͑e͒, a = average area of a developed grain, and N = total number of grains per unit area in the emulsion, then it can be shown ͑Ref. 65, pp. 331, 335-337͒ that for low fluence ͑aF Ӷ 1͒ the optical density is given by D Ϸ ka 2 NF. 
Ionization chambers
Ionization chambers collect the charge produced by ionizing radiation ͑which is measured with an electrometer͒. This charge is then used to determine the absorbed dose. Several chamber geometries are used, including cylindrical, parallel plate, and re-entrant. The charge can be collected in various substances. Air is most commonly used, but other gases can be used, as well as various liquids. For accurate measurements, the problems of recombination and polarity effects must be addressed. The most widely used ionization chamber for megavoltage therapy measurements is the cylindrical chamber ͑known as the Farmer chamber͒, which is accurate to within 1%-2%. In most cases in radiotherapy medical physics, an ionization chamber measurement is the "gold standard." 
Semiconductor detectors
Radiation incident on a semiconductor diode induces a current that is proportional to the radiation dose. One advantage of diodes is that they can be placed on a patient's skin. 
Thermoluminescent dosimeters
Since the Middle Ages, it has been known that certain rocks give off light when heated. In the 17th century, Robert Boyle heated a diamond in a dark room and observed that light was given off. In a thermoluminescent material, ionizing radiation absorbed in the material causes electrons to be stored in metastable states. Heating the material can cause the electrons to return to their ground state. The energy released is related to the initial dose of radiation. Thermoluminescent dosimeters ͑TLDs͒ can be used as personal dosimeters for radiation protection and as dosimetric devices to measure radiation dose absorbed in a material ͑thermolumi-nescent effects can also be used for the dating of rocks͒. A common TLD material is lithium fluoride, which is "among the best-studied materials on earth" ͑Ref. 81, preface͒. It has an effective atomic number close to that of human tissue, it is durable, and can be manufactured in a variety of shapes. Thermoluminescent materials are like CR plates in that both materials utilize radiation-induced metastable states. 
D. Protocols for radiation dose measurements
Using ionization chambers and electrometers traceable to a national standards laboratory, the medical physicist determines the radiation dose in water to within a percent or so through a standard methodology. Since the disturbing influence of the chamber itself is accounted for, the protocols determine the dose to water at a specified location in the absence of the chamber. Correction factors include those for temperature, pressure, ion recombination, electrometer error, and chamber polarity effects. 
E. Radiation shielding and radiation protection
Medical physicists determine the shielding needed to keep radiation dose to the public and to radiation workers at safe levels. Radiation dose depends on machine output, distance from the machine, shielding thickness, type of shielding material ͑concrete is common͒, the amount of time the machine is in use, and the expected time spent near the machine. The calculations account for the primary radiation beam, scattered radiation, radiation leaking from the machine, and neutrons. The current standard recommendations for radiotherapy shielding in the United States. Areas near radiation sources are divided into two types: controlled areas ͑limited-access areas where exposure for radiation workers is monitored͒ and uncontrolled areas ͑areas accessible to the general public͒. Biologically effective dose is measured in Sv ͑for x-rays, 1 Sv= 1 Gy͒. NCRP recommends that radiation workers get less than 50 mSv/yr. Pregnant radiation workers are limited to .5 mSv/month ͑approximately 5 mSv/yr͒. Shielding is conservatively designed to limit the equivalent dose received by radiation workers to 5 mSv/yr and that for the general public to 1 mSv/yr. The report contains explanations and examples of shielding calculations, along with data tables and references. ͑I͒ 91. Atoms, Radiation, and Radiation Protection, James E. Turner, 2nd
Shielding Techniques for Radiation
ed. ͑Wiley, New York, 1995͒. Good discussion of many aspects of medical physics, including interactions, detection, dosimetry, chemical and biological effects, exposure limits, and radiation protection. Contains annotated references at the end of each chapter. ͑I͒ 92. Introduction to Health Physics, Herman Cember and Thomas E.
Johnson, 4th ed. ͑McGraw-Hill Medical, New York, 2009͒. An excellent starting point for learning about health physics. ͑I͒
F. Neutron, proton, and heavy-ion therapies
Although most treatments today use photons ͑with some use of electrons͒, patients have been treated with other particles such as neutrons and protons. Use of proton and heavyion therapies is increasing.
Fast neutrons
Fast neutron beams are those with a kinetic energy greater than 0.1 MeV. Fast neutrons have been used as an alternative to photon beams and electron beams. "As a rough comparison, one can state that in terms of tissue penetration, a 14 MeV neutron beam is equivalent to a cobalt-60 gammaray beam and a 70 MeV neutron beam is equivalent to an 8 MV megavoltage x-ray beam" ͑Ref. 26, p. 182͒. However, as far as I know, neutrons are not now used clinically. 
Protons and heavy ions
Protons and heavy ions deposit most of their energy at the end of their range, giving a "Bragg peak" in the plot of energy versus range. This is desirable since there is essentially no "exit dose." 
G. Imaging for radiation therapy
Imaging techniques are important in radiation therapy to locate the areas to be treated, to plan the treatment, and to ensure that the radiation is properly targeted during treatment. Increasingly, therapy is guided by images taken during treatment. 
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H. Brachytherapy
Brachytherapy is a form of radiation therapy in which radiation sources are placed inside the body, typically using existing body cavities or with hollow needles. Medical physicists have a large role to play in such therapy. 
J. Treatment planning
A physician prescribes a certain dose of radiation to a certain location in a patient. Treatment planning is the process of determining how to deliver that dose. In external beam therapy, this is achieved through choosing the number of beams, beam intensity and energy, distance to the patient, beam shape, angle, etc. In some clinics, medical physicists prepare the treatment plans. They also check plans prepared by others to make sure that they are all right. In the planning process, the planned dose of radiation is usually determined using dose calculation algorithms, as described in the next section. 
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B. Linear-accelerator data
In radiotherapy, "depth-dose" data consist of tables of absorbed dose versus depth in a material ͑usually water͒. Data are tabulated for different photon energies, photon-beam size ͑called "field size"͒, and distance from the photon source to the surface of the material. 
VII. EDUCATION
